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(57) ABSTRACT 

An operational ampli?er capable of offset cancel in a shorter 
period, as Well as a line driver capable of shortening one 
horizontal period and a liquid crystal display device are pro 
vided. In the operational ampli?er of the invention, a time 
necessary for feed back control can be shortened than usual 
by a constitution that an output voltage V0 in one horizontal 
period H1 Which is one horizontal period before is de?ned as 
a reference voltage in an offset cancel preparatory period 
HC2, thereby changing the output voltage VO(2) only by the 
offset voltage VO(2) by the feed back control. In the line 
driver of the invention, the operational ampli?er not used for 
the output of display data D1 to D6 conducts offset cancel 
operation and it is successively shifted on every one horizon 
tal period. Since it is no more necessary to incorporate the 
offset cancel preparatory period in the output period, one 
horizontal period can be shortened further. 

2 Claims, 13 Drawing Sheets 

CIRCUIT DIAGRAM OF OPERATIONAL AMPLIFIER DIRECTED 
TO FIRST EXAMPLE OF FIRST EMBODIMENT 
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FIG.8 
TIMING CHART OF OPERATIONAL AMPLEFIER DIRECTED 
TO SECOND EMBODIMENT 
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FIG.9 
SWITCH OPERATION TABLE (2) OF OPERATIONAL AMPLIFIER 
DIRECTED TO SECOND EMBODIMENT 
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FIG.I I PRIOR ART 
TIMING CHART OF OPERATIONALAMPLIFIER EQUIPPED 
WITH CONVENTIONAL OFFSET CANCEL FUNCTION 
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FIG.I 2 
SCHEMATIC STRUCTURE OF LIQUID CRYSTAL 
DISPLAY DEVICE 
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OPERATIONAL AMPLIFIER, LINE DRIVER, 
AND LIQUID CRYSTAL DISPLAY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a Divisional Application, Which claims 
the bene?t of US. patent application Ser. No. 11/448,669, 
?led Jun. 8, 2006 now US. Pat. No. 7,336,124, Which in turn 
is a Divisional Application of US. patent application Ser. No. 
10/811,431, ?led Mar. 29, 2004 now US. Pat. No. 7,081,792, 
Which in turn is based upon and claims the bene?t of priority 
from the prior Japanese Patent Application No. 2003 -3 52203 
?led on Oct. 10, 2003, the entire contents of Which are incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention concerns an operational ampli?er 

equipped With an offset cancel function. Further, it also 
relates to a line driver for a liquid crystal display device 
equipped With an offset cancel function and a liquid crystal 
display device 

2. Description of Related Art 
In an operational ampli?er, an offset voltage is sometimes 

generated by scattering of current-voltage characteristics of 
constitutional transistors. Generation of the offset voltage is 
not preferred in vieW of characteristics of the operational 
ampli?er. For example, in a source drive circuit of a liquid 
crystal display device in Which plural operational ampli?ers 
drive plural data lines, the output voltage of the operational 
ampli?er is sometimes different even for an identical input 
voltage, Which causes color shading of displayed images. 
Accordingly, it is necessary to suppress offset of the opera 
tional ampli?er. 

JP-A No. 2003-168936 discloses an operational ampli?er 
circuit 100 equipped With an offset cancel function as shoWn 
in FIG. 10 and a time chart shoWing the operation of the 
operational ampli?er circuit 100 shoWn in FIG. 11. In an 
offset cancel preparatory period from time t1 to time t2 in 
FIG. 11, sWitches SW101 and SW103 are turned on, While a 
sWitch SW102 is turned off. Since an output voltage V0] is 
not fed back to the gate of NMOS transistors M101, and the 
gate voltage for NMOS transistor M101 and M102 is at an 
input voltage VI], a differential pair input circuit 115 operates 
as a current source to a current mirror circuit 114. On the other 

hand, since the output voltage V0] is fed back to the gate of 
an NMOS transistor M108, a voltage folloWer circuit is con 
stituted With the current mirror 114, a differential ampli?er 
circuit comprising a differential pair input circuit 116 and an 
output buffer circuit 112, to conduct feed back control such 
that the output voltage VOJ approaches a reference voltage 
Vref. In this case, voltages V101 and V102 are not equal With 
each other due to scattering of gate oxide ?lm thickness for 
MOS transistors to cause offset of displacing the output volt 
age VOJ from the input voltage VI]. A capacitor C101 is 
charged or discharged by output voltage VOJ containing the 
offset and the voltage of the electrode on the side of the sWitch 
SW103 is equal With the output voltage VOJ. That is, the 
output voltage V0] is stored into the capacitor C101 in the 
stable state thereof. 
At time t2, When the sWitches SW101 and SW103 are 

turned off and the sWitch SW102 is turned on, operations of 
the differential pair input circuits 115 and 116 are inversed, 
and the voltage folloWer is constituted With the differential 
ampli?er circuit 111 and the output buffer circuit 112, to 
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2 
conduct feed back operation such that the output voltage VOJ 
approaches the input voltage VI]. In this case, the gate voltage 
of the NMOS transistor M1 08 is equal With the output voltage 
VOJ at time t2. Even When the operations of the differential 
pair input circuits 115 and 116 are inversed, since the differ 
ential pair input circuits 115 and 116 are connected in parallel 
With the current mirror 1 14 and the gate voltage of the NMOS 
transistors M102, M108 and M109 is equal With the voltage 
in the stable state just before sWitching at time t2, feed back 
control for the voltage of the NMOS transistor M101 is sta 
biliZed in a state Where it is aligned With the input voltage VI] 
Which is a voltage just before the sWitching. That is, the offset 
voltage is canceled and an output voltage VOJ equal With the 
input voltage VI] is outputted. 

Further, JP-A No. 2003-168936 discloses the schematic 
constitution of a liquid crystal display device using an opera 
tional ampli?er circuit equipped With an offset cancel func 
tion as a data-driver (line driver) as shoWn in FIG. 12. In a 
liquid crystal display panel 120, plural data lines 121 extend 
ing in a vertical direction and plural scanning lines 122 
extending in a horiZontal direction are formed crossing over 
With each other and pixels are formed corresponding to cross 
over points respectively. Ends of the data lines 121 and scan 
ning lines 122 are connected, respectively, to a data driver 
(line driver) 130 and a scanning driver 140 respectively. A 
control circuit 150 supplies display data signals and clock 
signals to the data driver (line driver) 130 and supplies scan 
ning control signals to the scanning driver 140 based on video 
signals, pixel clock signals, horiZontal sync signals and ver 
tical sync signals supplied from the outside. The data driver 
(line driver) 130 outputs display data While converting to 
voltages of positive polarity and negative polarity relative to 
the ground voltage GND on every one horiZontal scanning 
period (and on every one pixel). In the data driver (line driver) 
130, voltage folloWers 131 of positive polarity equipped With 
offset cancel and voltage folloWers 132 of negative polarity 
equipped With offset cancel are formed at the output stage 
thereof, and connected to data lines 121 of the liquid crystal 
display panel 120 such that the outputs are put to parallel 
connection or cross over connection by the sWitching circuit 
133 on every adjacent pairs of voltage folloWers equipped 
With offset cancel of positive and negative polarities. The 
voltage folloWer 131 equipped With offset cancel of positive 
polarity has an identical constitution With the operational 
ampli?er circuit 100, and the voltage folloWer 132 equipped 
With offset cancel of negative polarity has a constitution of 
replacing the NMOS transistor and the PMOS transistor to 
each other in the operational ampli?er circuit 100. 

HoWever, since a reference voltage Vref of a constant value 
as a reference voltage for canceling the offset of the opera 
tional ampli?er is used, in a case Where the voltage difference 
betWeen the output voltage V0] and the reference voltage 
Vref is large, it takes a much time for conducting feed back 
control to the output voltage VOJ containing the offset volt 
age. For this reason, it is necessary to take a long offset cancel 
preparatory period assuming such a situation. Accordingly, 
this hinders shortening for the offset cancel preparatory 
period to bring about a problem. 

Further, in the liquid crystal display device, one horiZontal 
period has to be shortened in a case Where the number of 
display lines increases for making the liquid crystal display 
device ?ner. HoWever, in the liquid crystal display device in 
JP-A No. 2003-168936, since the offset cancel preparatory 
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period is present in one horizontal period, shortening for the 
entire one horizontal period is dif?cult to bring about a prob 
lem. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve at least one of 
the problems the above prior art has. Accordingly, it is an 
object of the present invention to provide an operational 
ampli?er capable of making offset cancel Within shorter time, 
and a line driver and a liquid crystal display device capable of 
shortening line one horizontal period. 

To achieve the object, according to a ?rst aspect of the 
present invention, there is provided an operational ampli?er 
in Which a differential ampli?er circuit equipped With a cur 
rent mirror circuit is incorporated, the operational ampli?er 
comprising: a ?rst sWitch connected to a portion betWeen an 
inversion input terminal and a non-inversion input terminal of 
the differential ampli?er circuit; a second sWitch connected to 
a portion betWeen an output terminal of the operational 
ampli?er and the inversion input terminal, the second sWitch 
controlling conductive state and non-conductive state con 
trary to the ?rst sWitch; a differential pair input circuit in 
Which a current path terminal for a ?rst transistor and a 
current path terminal for a second transistor are connected to 
a ?rst current terminal and a second current terminal of the 
current mirror, respectively; a third sWitch connected to a 
portion betWeen a gate of the ?rst transistor and an output 
terminal of the operational ampli?er, the third sWitch being 
set in conductive state While the ?rst sWitch is in conductive 
state and being set in non-conductive state While the ?rst 
sWitch is in non-conductive state; a ?rst capacitor connected 
to a portion betWeen a gate of the ?rst transistor and prede 
termined voltage; a fourth sWitch connected to a portion 
betWeen a gate of the second transistor and the output termi 
nal of the operational ampli?er, the fourth sWitch being set in 
conductive state for a predetermined length of period While 
the second sWitch is in conductive state; and a second capaci 
tor connected to a portion betWeen a gate of the second 
transistor and predetermined voltage, Wherein the operational 
ampli?er has offset cancel function. 

According to a second aspect of the present invention, there 
is provided an operational ampli?er in Which a differential 
ampli?er circuit equipped With a current mirror circuit is 
incorporated, the operational ampli?er comprising: a ?rst 
sWitch connected to a portion betWeen an inversion input 
terminal and a non-inversion input terminal of the differential 
ampli?er circuit; a second sWitch connected to a portion 
betWeen an output terminal of the operational ampli?er and 
the inversion input terminal, the second sWitch controlling 
conductive state and non-conductive state contrary to the ?rst 
sWitch; a differential pair input circuit in Which a current path 
terminal for a ?rst transistor and a current path terminal for a 
second transistor are connected to a ?rst current terminal and 
a second current terminal of the current mirror, respectively; 
a third sWitch connected to a portion betWeen a gate of the ?rst 
transistor and an output terminal of the operational ampli?er, 
the third sWitch being set in conductive state While the ?rst 
sWitch is in conductive state and being set in non-conductive 
state While the ?rst sWitch is in non-conductive state; a ?rst 
capacitor connected to a portion betWeen a gate of the ?rst 
transistor and predetermined voltage; a ?fth sWitch connected 
to a portion betWeen a gate of the second transistor and the 
non-inversion input terminal, the ?fth sWitch being set in 
conductive state for a predetermined length of period While 
the second sWitch is in conductive state; and a second capaci 
tor connected to a portion betWeen a gate of the second 
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4 
transistor and predetermined voltage, Wherein the operational 
ampli?er has offset cancel function. 

In the operational ampli?ers directed to the ?rst and second 
aspects, an output period is provided While the second sWitch 
is set in conductive state and the ?rst and third sWitches are set 
in non-conductive state. As predetermined voltage, ground 
voltage is used, for example. In the operational ampli?er 
directed to the ?rst aspect, the fourth sWitch is set in conduc 
tive state for a predetermined length of period While the 
second sWitch is in conductive state period, Whereby a voltage 
value of the output terminal of the operational ampli?er is 
stored in the second capacitor. In the operational ampli?er 
directed to the second aspect, the ?fth sWitch is set in con 
ductive state for a predetermined length of period While the 
second sWitch is in conductive state period, Wherein a voltage 
value of the non-inversion input terminal is stored in the 
second aspect. Duration of the predetermined length of period 
and its stating timing may be Whenever in a period that the 
second sWitch is in conductive state. Even if a voltage value of 
at the output terminal of the operational ampli?er or that of 
the non-inversion input terminal change the most Within a 
conductive state period of the second sWitch, timing to start 
setting the fourth or ?fth sWitch in conductive state may be a 
time point that lapses suf?ciently long time for the voltage 
value after changing to become stable and duration of the 
predetermined length of period the voltage value after chang 
ing may be Whatever length as long as it is suf?ciently long for 
the voltage value after changing to be stored. A voltage value 
the output terminal and that of the non-inversion input termi 
nal are substantially same during an output period. Next, 
When electrical conduction state of the second sWitch and 
either the fourth sWitch or the ?fth sWitch are shifted to 
non-conductive state and that of the ?rst and third sWitches 
are shifted to conductive state, it goes into an offset prepara 
tion period. Since the third sWitch is in conductive, the voltage 
value at the output terminal of the operational ampli?er is 
feedback to the gate of the ?rst transistor. Furthermore, the 
voltage value at the output terminal of the operational ampli 
?er or the voltage value at the non-inversion input terminal 
before its electrical conduction state changing is stored in the 
second capacitor and applied to the gate of the second tran 
sistor. 

Thereby, during an offset cancel preparation period, the 
voltage value at the output terminal of the operational ampli 
?er is feedback to the gate of the ?rst transistor by the third 
sWitch becoming conductive. As a result, it is controlled such 
that the voltage value at the output terminal of the operational 
ampli?er is substantially same as a voltage value at the second 
capacitor Which is equivalent to the voltage value at the output 
terminal before electrical conduction state of the output ter 
minal changing. The operational ampli?er then serves for 
operation of a voltage folloWer. HoWever, during this period, 
it is controlled such that the ?rst sWitch is electrically con 
ductive and offset voltage of the differential ampli?er circuit 
is added. Therefore, the voltage value at the output terminal of 
the operational ampli?er is feedback to voltage deviated by 
offset voltage With reference to the voltage value of the sec 
ond capacitor. In the prior art, a ?xed-valued voltage is used as 
reference voltage for canceling offset of an operational ampli 
?er. Therefore, in case voltage difference betWeen voltage at 
the output terminal of the operational ampli?er and the ?xed 
valued voltage is large, it takes long to complete feedback 
control. Accordingly, the prior art has been required to take an 
offset cancel preparation period long provided for such situ 
ation, Which hinders an offset cancel preparation being short 
ened. HoWever, in the inventive operational ampli?er directed 
to the ?rst and second aspects of the invention, the voltage 
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value of the second capacitor is substantially same as the 
voltage value at the output terminal of the operational ampli 
?er When feedback control starts. Therefore, time to complete 
feedback control can be shortened. Accordingly, an offset 
cancel preparation period can be shortened. 

According to the ?rst aspect of the present invention, there 
is also provided a line driver for amplifying at least one input 
signal(s) by each input of the input signal every output period 
that appears repeatedly, the line driver including operational 
ampli?er(s) allocated to respective input signals for amplify 
ing the input signals, each of the operational ampli?er(s) 
being equipped With a differential ampli?er circuit in Which a 
current mirror circuit is incorporated, Wherein each of the 
operational ampli?er(s) comprises: a ?rst sWitch connected to 
a portion betWeen an inversion input terminal and a non 
inversion input terminal of the differential ampli?er circuit; a 
second sWitch connected to a portion betWeen an output ter 
minal of the operational ampli?er and the inversion input 
terminal, the second sWitch controlling conductive state and 
non-conductive state contrary to the ?rst sWitch; a differential 
pair input circuit in Which a current path terminal for a ?rst 
transistor and a current path terminal for a second transistor 
are connected to a ?rst current terminal and a second current 
terminal of the current mirror, respectively; a third sWitch 
connected to a portion betWeen a gate of the ?rst transistor 
and an output terminal of the operational ampli?er, the third 
sWitch being set in conductive state While the ?rst sWitch is in 
conductive state and being set in non-conductive state While 
the ?rst sWitch is in non-conductive state; a ?rst capacitor 
connected to a portion betWeen a gate of the ?rst transistor 
and predetermined voltage; a fourth sWitch connected to a 
portion betWeen a gate of the second transistor and the output 
terminal of the operational ampli?er, the fourth sWitch being 
set in conductive state for a predetermined length of period 
While the second sWitch is in conductive state; and a second 
capacitor connected to a portion betWeen a gate of the second 
transistor and predetermined voltage, and Wherein the line 
driver has offset cancel function. 

According to the second aspect of the present invention, 
there is also provided a line driver for amplifying at least one 
input signal(s) by each input of the input signal every output 
period that appears repeatedly, the line driver including 
operational ampli?er(s) allocated to respective input signals 
for amplifying the input signals, each of the operational 
ampli?er(s) being equipped With a differential ampli?er cir 
cuit in Which a current mirror circuit is incorporated, Wherein 
each of the operational ampli?er(s) comprises: a second 
sWitch connected to a portion betWeen an output terminal of 
the operational ampli?er and the inversion input terminal, the 
second sWitch controlling conductive state and non-conduc 
tive state contrary to the ?rst sWitch; a differential pair input 
circuit in Which a current path terminal for a ?rst transistor 
and a current path terminal for a second transistor are con 
nected to a ?rst current terminal and a second current terminal 
of the current mirror, respectively; a third sWitch connected to 
a portion betWeen a gate of the ?rst transistor and an output 
terminal of the operational ampli?er, the third sWitch being 
set in conductive state While the ?rst sWitch is in conductive 
state and being set in non-conductive state While the ?rst 
sWitch is in non-conductive state; a ?rst capacitor connected 
to a portion betWeen a gate of the ?rst transistor and prede 
termined voltage; a ?fth sWitch connected to a portion 
betWeen a gate of the second transistor and the non-inversion 
input terminal, the ?fth sWitch being set in conductive state 
for a predetermined length of period While the second sWitch 
is in conductive state; and a second capacitor connected to a 
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6 
portion betWeen a gate of the second transistor and predeter 
mined voltage, and Wherein the line driver has offset cancel 
function. 

Thereby, there can be realiZed a line driver of Which an 
offset cancel preparation period is shortened. Accordingly, 
operation speed of a line driver can be heightened. 

According to the ?rst aspect of the present invention, there 
is also provided a liquid crystal display device for applying an 
image data voltage signal through plural data lines every 
horiZontal period that appears repeatedly, the liquid crystal 
display device including operational ampli?er(s) allocated to 
respective image data voltage signals for amplifying the input 
signals, each of the operational ampli?er(s) being equipped 
With a differential ampli?er circuit in Which a current mirror 
circuit is incorporated, Wherein each of the operational ampli 
?er(s) comprises: a ?rst sWitch connected to a portion 
betWeen an inversion input terminal and a non-inversion input 
terminal of the differential ampli?er circuit; a second sWitch 
connected to a portion betWeen an output terminal of the 
operational ampli?er and the inversion input terminal, the 
second sWitch controlling conductive state and non-conduc 
tive state contrary to the ?rst sWitch; a differential pair input 
circuit in Which a current path terminal for a ?rst transistor 
and a current path terminal for a second transistor are con 
nected to a ?rst current terminal and a second current terminal 
of the current mirror, respectively; a third sWitch connected to 
a portion betWeen a gate of the ?rst transistor and an output 
terminal of the operational ampli?er, the third sWitch being 
set in conductive state While the ?rst sWitch is in conductive 
state and being set in non-conductive state While the ?rst 
sWitch is in non-conductive state; a ?rst capacitor connected 
to a portion betWeen a gate of the ?rst transistor and prede 
termined voltage; a fourth sWitch connected to a portion 
betWeen a gate of the second transistor and the output termi 
nal of the operational ampli?er, the fourth sWitch being set in 
conductive state for a predetermined length of period While 
the second sWitch is in conductive state; and a second capaci 
tor connected to a portion betWeen a gate of the second 
transistor and predetermined voltage, and Wherein the liquid 
crystal display device has offset cancel function. 

According to the second aspect of the present invention, 
there is also provided a liquid crystal display device for apply 
ing an image data voltage signal through plural data lines 
every horizontal period that appears repeatedly, the liquid 
crystal display device including operational ampli?er(s) allo 
cated to respective image data voltage signals for amplifying 
the input signals, each of the operational ampli?er(s) being 
equipped With a differential ampli?er circuit in Which a cur 
rent mirror circuit is incorporated, Wherein each of the opera 
tional ampli?er(s) comprises: a ?rst sWitch connected to a 
portion betWeen an inversion input terminal and a non-inver 
sion input terminal of the differential ampli?er circuit; a 
second sWitch connected to a portion betWeen an output ter 
minal of the operational ampli?er and the inversion input 
terminal, the second sWitch controlling conductive state and 
non-conductive state contrary to the ?rst sWitch; a differential 
pair input circuit in Which a current path terminal for a ?rst 
transistor and a current path terminal for a second transistor 
are connected to a ?rst current terminal and a second current 

terminal of the current mirror, respectively; a third sWitch 
connected to a portion betWeen a gate of the ?rst transistor 
and an output terminal of the operational ampli?er, the third 
sWitch being set in conductive state While the ?rst sWitch is in 
conductive state and being set in non-conductive state While 
the ?rst sWitch is in non-conductive state; a ?rst capacitor 
connected to a portion betWeen a gate of the ?rst transistor 
and predetermined voltage; a ?fth sWitch connected to a 
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portion between a gate of the second transistor and the non 
inversion input terminal, the ?fth sWitch being set in conduc 
tive state for a predetermined length of period While the 
second sWitch is in conductive state; and a second capacitor 
connected to a portion betWeen a gate of the second transistor 
and predetermined voltage, and Wherein the liquid crystal 
display device has offset cancel function. 

Thereby, there can be realiZed a liquid crystal display 
device equipped With an operational ampli?er of Which an 
offset cancel preparation period is shortened. Accordingly, 
higher de?nition of a liquid crystal display device can be 
achieved. 

According to the third aspect of the present invention, there 
is also provided a line driver for amplifying at least one input 
signal(s) by each input of the input signal every output period 
that appears repeatedly, the line driver comprising: opera 
tional ampli?er for amplifying the input signal(s) number of 
Which is larger by at least one than number of the input 
signal(s); and a sWitch section for selecting and sWitching to 
operational ampli?ers in ampli?cation operation by receiving 
inputs of the input signals, the sWitch section sWitching every 
output period, Wherein offset cancellation is made on opera 
tional ampli?er(s) not selected during the output period. 

Each selected operational ampli?er to Which an input sig 
nal is inputted ampli?es an input signal by each input of the 
input signal and outputs an ampli?ed signal. Furthermore, 
While the selected operational ampli?er outputs a signal, off 
set cancel is made on at least one non-selected operational 
ampli?er to Which an input signal is not inputted. The sWitch 
section sWitches the selected operational ampli?er to other 
operational ampli?er every output period, and also sWitches 
the non-selected operational ampli?er to other not to be 
selected operational ampli?er every output period. The 
sWitch section is sWitched such that all of the operational 
ampli?ers are sWitched to non-selective in turn so that offset 
cancel is made on all of them. Therefore, it is not required to 
provide an offset cancel preparation period prior to each 
output period. Accordingly, it is not necessary to embed an 
offset cancel period in an output period. 

According to the third aspect of the present invention, there 
is also provided a liquid crystal display device for applying an 
image data voltage signal through plural data lines every 
horizontal period that appears repeatedly, the liquid crystal 
display device comprising: operational ampli?ers for ampli 
fying the input signals number of Which is larger by at least 
one than number of the input signal(s); and a sWitch section 
for selecting and sWitching operational ampli?ers in ampli? 
cation operation by receiving inputs of the input signals, the 
sWitch section sWitching every output period, Wherein offset 
cancellation is made on operational ampli?er(s) not selected 
during the output period. 

Thereby, there is no need to provide an offset cancel prepa 
ration period prior to each output period and one horizontal 
period can be shortened. Accordingly, higher de?nition of a 
liquid crystal display device by increasing the number of lines 
for display can be achieved. 

According to a fourth aspect of the present invention, there 
is provided an offset cancel circuit alternately conducting 
offset voltage fetch operation in Which an offset value of an 
operational ampli?er is fetched as differential voltage With 
respect to reference voltage and offset voltage cancel opera 
tion in Which differential voltage is cancel out from output 
voltage, Wherein, as reference voltage to be used in the offset 
voltage fetch operation, either input voltage prior to the offset 
voltage fetching operation or output voltage after offset volt 
age cancel operation prior to the offset voltage fetching 
operation is used. 
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8 
In offset voltage cancel operation, differential voltage is can 
celled out from output voltage. After the offset voltage cancel 
operation, there can be obtained output voltage from Which an 
offset value is cancelled out corresponding to input voltage. 
Offset voltage fetch operation is a kind of feedback control 
such that output voltage of an operational ampli?er, for 
example, should include an offset value of the operational 
ampli?er With reference to reference voltage as differential 
voltage. As reference voltage, input voltage obtained before 
offset voltage fetch operation or output voltage obtained 
before offset voltage fetch operation and after offset voltage 
cancel operation is used. Output voltage obtained after offset 
voltage cancel operation corresponds to output voltage from 
Which an offset value is cancelled out. Input voltage or output 
voltage from Which an offset value is cancelled out shall be 
held by mechanism that holds voltage of a capacitor or the 
like, Whereby the voltage held can be used as reference volt 
age in offset voltage fetch operation. 

Since reference voltage is substantially same as an voltage 
value at the output terminal of the operational ampli?er When 
offset voltage fetch operation starts, time of offset voltage 
fetch operation can be shortened. Accordingly, an offset volt 
age fetch operation period can be shortened. 
The above and further objects and novel features of the 

invention Will more fully appear from the folloWing detailed 
description When the same is read in connection With the 
accompanying draWings. It is to be expressly understood, 
hoWever, that the draWings are for the purpose of illustration 
only and are not intended as a de?nition of the limits of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of an operational ampli?er 
directed to a ?rst example of a ?rst embodiment; 

FIG. 2 is a timing chart of the operational ampli?er directed 
to the ?rst example of the ?rst embodiment; 

FIG. 3 is a circuit diagram of an operational ampli?er 
directed to a second example of a ?rst embodiment; 

FIG. 4 is a schematic diagram of circuit block directed to 
the second embodiment; 

FIG. 5 is a timing chart of circuit block directed to the 
second embodiment; 

FIG. 6 shoWs sWitch operation table (1) of an operational 
ampli?er directed to the second embodiment; 

FIG. 7 is a circuit diagram of the operational ampli?er 
directed to the second embodiment; 

FIG. 8 is a timing chart of the operational ampli?er directed 
to the second embodiment; 

FIG. 9 shoWs sWitch operation table (2) of the operational 
ampli?er directed to the second embodiment; 

FIG. 10 is a circuit diagram of an operational ampli?er 
equipped With conventional offset cancel function; 

FIG. 11 is a timing chart of the operational ampli?er 
equipped With conventional offset cancel function; 

FIG. 12 is a vieW shoWing schematic structure of a liquid 
crystal display device; 

FIG. 13 is a diagram shoWing structure of a conventional 
line driver; and 

FIG. 14 is a timing chart accounting for operation of the 
conventional line driver. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments for an operational ampli?er equipped With 
offset cancel function, a line driver and a liquid crystal display 
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device according to the present invention are to be described 
in detail With reference to the drawings based on FIG. 1 to 
FIG. 9. A ?rst example in a ?rst preferred embodiment of the 
invention is to be described With reference to FIG. 1 and FIG. 
2. FIG. 1 shoWs a circuit diagram for an operational ampli?er 
1 0 having an offset cancel circuit of the ?rst embodiment. The 
operational ampli?er circuit 1 comprises a current mirror 
circuit 2, a ?rst differential pair input circuit 3, and an output 
buffer circuit 6, and an offset cancel circuit 5 has a second 
differential pair input circuit 4. The current mirror circuit 2 
and the ?rst differential pair input circuit 3 constitute a dif 
ferential ampli?er circuit 7. The ?rst differential pair input 
circuit 3 and the second differential pair input circuit 4 are 
connected at a ?rst current terminal N1 and a second current 
terminal N2 in parallel to the current mirror circuit 2. In the 
current mirror circuit 2, sources of PMOS transistors M4 and 
M5 are connected to a poWer source voltageVDD and gates of 
the PMOS transistors M4 and M5 are connected to the drain 
of the PMOS transistor M4. In the differential pair input 
circuit 3, sources of NMOS transistors M1 and M2 are con 
nected to the drain of an NMOS transistor M3, and the source 
of the transistor M3 is connected to the ground voltage GND. 
The NMOS transistor M3 is applied With a bias voltage VBB 
at the gate and functions as a constant current source. An 
output buffer circuit 6 comprises a PMOS transistors M6 and 
an NMOS transistor M7 connected in series betWeen the 
poWer source voltage VDD and the ground voltage GND, and 
the NMOS transistor M7 is applied With a bias voltage VBB 
at the gate and functions as a constant current source. The 
drain of the transistor M6 is connected to an output terminal 
VOUT. 

Further, a sWitch SW1 is connected betWeen an inversion 
input terminal N5 and a non-inversion input terminal N6, and 
a sWitch SW2 is connected betWeen an output terminal VOUT 
and the inversion input terminal N5 of the operational ampli 
?er respectively. An offset cancel circuit 5 comprises a second 
differential input circuit 4 of the constitution identical With 
that of the ?rst differential pair input circuit 3, a ?rst capacitor 
C1 and a second capacitor C2, and sWitches SW3 and SW4. 
One end of the ?rst capacitor C1 is connected at a node N3 
With the gate of an NMOS transistor M8 and the other end of 
the capacitor C1 is connected to the ground potential GND. 
One end of the second capacitor C2 is connected at the node 
N4 With the gate of an NMOS transistor M9 and the other end 
of the capacitor C2 is connected With the ground potential 
GND. Further, the sWitch SW3 is connected betWeen the node 
N3 and the output terminal VOUT, and the sWitch SW4 is 
connected betWeen the node N4 and the output terminal 
VOUT, respectively. 

Then, the operation is to be described. FIG. 2 is a timing 
chart. The operational ampli?er 10 equipped With offset can 
cel function of the invention has an offset cancel preparatory 
period HC1 and an output period HT1 in one horizontal 
period H1 and repeats horizontal periods like H1, H2, - - - . 

Further, the output voltage in one horizontal period Hn is 
de?ned as an output voltage VO(n) and an input voltage is 
de?ned as an input voltage VI(n). Further, the voltages at the 
nodes N3, N4 in the operational ampli?er 10 of the invention 
are de?ned as VC1 and VC2, While the voltages at the nodes 
N103 and N104 in the existent operational ampli?er 100 are 
de?ned as VC101, andVC102. At time t1 in the output period 
HT1 in FIG. 2, the sWitch SW2 is turned on, and the sWitches 
SW1 and SW3 are turned off. Further, the sWitch SW4 is in 
the off state. In this case, since the offset is canceled by the 
principle to be described later, the voltage value for the output 
voltageVO(1) has a value equal With the voltage value VVO of 
the input voltage VI(1) (arroW K1 in FIG. 2). 
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10 
Then, from time t2 to time t3, an operation of storing the 

voltage value VVO of the output voltage VO(1) in the output 
period HT1 to the second capacitor C2 is conducted. That is, 
at time t2, the sWitch SW4 is turned on to render the second 
capacitor C2 and the output terminal VOUT conductive. 
Since the voltage value VVO of the output voltage VO(1) is 
stored in the second capacitor C2, the voltage VC2 at the node 
N4 is also at a voltage value VVO. Then, at time t3 after lapse 
of a predetermined period. The sWitches SW4 is turned off to 
render the second capacitor C2 and the output terminal VOUT 
non-conductive. This stores the voltage value VVO of the 
output voltage VO(1) in the output period HT1 into the second 
capacitor C2 (arroW K2 in FIG. 2). 

It is necessary that the predetermined period from time t2 to 
time t3 has a suf?cient length capable of completing charge/ 
discharge also When the amount of change of the voltage 
value stored in the second capacitor C2 is greatest and this is 
a value determined, for example, by the capacitance of the 
second capacitor C2, the sWing range for the voltage value of 
the input voltage V0 and the Wiring capacitance. The timing 
for on and off of the sWitch SW4 may be Within the output 
period HT, and the time after lapse of a suf?cient period to 
stabilize the voltage value after change even When the voltage 
value on the output terminal of the operational ampli?er 
changes most greatly Within the output period HT may be 
de?ned as a time for starting the period in Which the sWitch 
SW4 is in the on state, and a period su?icient to store the 
voltage value after the change in the second capacitor C2 may 
be de?ned as a length for the period in Which the sWitch SW4 
is kept on. 

Then, at time t4, it goes to the offset cancel preparatory 
period HC2 in one horizontal period H2. In one horizontal 
period H2, an input voltage VI(2) for one horizontal period 
H2 (voltage value W1) is applied to the input terminal VI(2). 
Then, in FIG. 1, the sWitches SW1, SW3 are turned on and the 
sWitch SW2 is turned off. The sWitch SW4 is in the off state. 
In the offset preparatory period HC2, identical input voltage 
VI(2) is applied to both gates of the transistors M1, M2 by the 
conduction of the sWitch SW1 and the output is fed back from 
the drain of the transistor M6 to the gate of the transistor M8 
by the conduction of the sWitch SW3. Further, the voltage 
value VVO of the output voltage VO(1) during the output 
period HT1 stored in the second capacitor C2 is applied to the 
gate of the transistor M9. 

In a case Where gate-source voltage/ drain current charac 
teristics of the transistors M1, M2 scatters, even When the 
identical input voltage VI(2) (voltage value W1) is applied to 
the gates of both transistors, drain currents caused thereby are 
different. For instance, if the scattering is such that the current 
driving performance of the transistor M2 is higher, the drain 
current of the transistor M2 is greater than the drain current of 
the transistor M1. It is assumed here that the values of the 
currents ?oWing to the ?rst current terminal N1 and the sec 
ond current terminal N2 of the current mirror circuit 2 are 
equal. The voltage VC1 at the node N3 as the gate voltage 
value of the transistor M8 is fed back such that a drain current 
to absorb the different drain currents caused by scattering of 
the characteristics betWeen the transistors M1, M2 ?oWs to 
the transistors M8, M9 (such that the total value for the drain 
currents of the transistors M1, M8 is equal With the total value 
for the drain currents of the transistors M2, M9). 

Then, in the stable state at time t5, the voltage VC1 at the 
node N3 is set to a voltage offset by an offset voltage VoffWith 
reference to the voltage VC2 at the node N4 (stored output 
voltage VO(1) (voltage value VVO)) (voltage VC2 at node N4 
(voltage value VVO)+offset voltage Voff) (point P1 in FIG. 2) 
and identical currents How to the ?rst current terminal N1 and 



US 7,880,537 B2 
11 

the second current terminal N2 to attain the stable state. Then, 
the voltage VC1 containing the offset voltage at the node N3 
is stored in the capacitor C1. That is, an offset drain current in 
a state Where an identical input voltage VI(2) (voltage value 
VV1) is applied to the gates of the transistors M1 and M2 is 
stored in the offset cancel circuit 5. 

In the timing chart shoWn in FIG. 2, description is to be 
made in comparison for the stabilization period TT1 of the 
voltage VC1 at node N303 in the operational ampli?er 10 of 
the invention and the stabilization period TT101 of the volt 
age VC101 at the node N103 in the existent operational 
ampli?er 100. At time t4, When the sWitch SW3 is turned on, 
the node N3 and the output terminal VOUT are rendered 
conductive. Since the output terminal VOUT is connected 
With various circuits and has larger load, the voltage VC1 on 
the node N3 at time t4 is output voltage VO(1) of the output 
terminal VOUT (voltage value VVO) (arroW K3 in FIG. 2). 
Then, since the output voltage VO(2) is put to feed back 
control from the voltage value VVO as a starting point to 
“voltage offset by an offset voltage Voff relative to the voltage 
VC2 at the node N4 as a reference voltage”, and identical 
current ?oWs to the ?rst current terminal N1 and the second 
current terminal N2 to attain a stable state. Since output 
terminal VOUT is connected to various loads, in a case of 
changing the voltage value of the output voltage VO(2) 
greatly, it requires a long stabilization time till the stabiliza 
tion of the voltage value, but When the stabilization time is 
long, the offset cancel preparatory period HC2 can not be 
shortened to bring about a problem. That is, it is important to 
adopt a method of not greatly changing the voltage value of 
the output voltage VO(2) in the offset cancel preparatory 
period HC2. 

In the operational ampli?er 10 of the invention, the refer 
ence voltage (voltage VC2 on the node N4 at time t4) is an 
output voltage VO(1) stored in the second capacitor C2 (volt 
age value VVO) (point P2 in FIG. 2). Further, the voltage 
value of the output voltage VO(2) at the starting point for the 
offset cancel preparatory period HC2 is also VVO (point P3 in 
FIG. 2). Accordingly, since both of them are equal, conduct 
ing feed back control of the output voltage VO(2) by “voltage 
offset by offset voltage Voff” starting from the voltage value 
VVO as the starting point, a time necessary for stabilization 
(stabilization time TT1) may be short and stabilization is 
completed at time t5. 
On the other hand, in the existent operational ampli?er 100, 

the reference voltage (the voltage VC102 on the node N104 at 
time t4) is a reference voltageVref as a constant voltage (point 
B1 in FIG. 2). Further, the output voltage VO] (2) at the offset 
cancel starting point is at a voltage value VVO (point B2 in 
FIG. 2). Accordingly, When the voltage value VVO and the 
voltage value Vref are different greatly, it is necessary to 
conduct feed back control for the output voltage VO] (2) start 
ing from the voltage valueVVO to “voltage offset by the offset 
voltage Voff With the reference voltage Vref being as a refer 
ence voltage (Vref+Voff)” (point B3 in FIG. 2). In this case, 
the time necessary for stabilization (stabilization time 
TT101) is longer compared With the stabilization time TT1 in 
the invention and stabilization is completed ?nally at time 
t5a. 

That is, in the invention, the time necessary for the feed 
back control is shortened than usual by adapting such that the 
output voltage VO(2) may be changed by the feed back con 
trol by so much as the offset voltage Voff, by adapting the 
reference voltage in the offset cancel preparatory period HC2 
(point P2, voltage VC2 at node N4) as the output voltage V0 
in one horizontal period H1 Which is one horizontal period 
before (P4 in FIG. 2). On the other hand, in the existent 
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12 
operational ampli?er, since the reference voltage is constant 
(voltage value Vref), in a case Where the voltage of the output 
voltage VO] (2) at the starting time for the offset cancel pre 
paratory period (point B2 in FIG. 2) and the reference voltage 
(point B1 in FIG. 2) are different greatly, the output voltage 
VO(2) has to be changed to the vicinity of the reference 
voltage value Vref, and it takes a longer time by so much for 
the feed back control. 

It is considered here such a case that the through rate in the 
feed back control for the output voltage (amount of voltage 
changed per unit time):l .8 (V /us), the voltage value of the 
offset voltage Voff:0.4 (V), the reference voltage Vref:7.6 
(V), voltage value VVO:5 .7 (V), and voltage value VV1:9.9 
(V). In the existent operational ampli?er 100, the output 
voltage VOJ has to be changed by 2.3(V) starting from the 
voltage value VVO (5.7 V) to the reference voltage Vref (7.6 
(V)+offset voltage Voff (0.4 (V)) and 1.28 (us) is necessary 
for the stabilization time TT1 01 When calculated based on the 
through rate. On the other hand, in the operational ampli?er 
10 according to the invention, since the voltage VC1 may be 
changed by so much as the offset voltage value Voff (0.4 (V )) 
starting from the voltage value VVO, it can be seen that the 
stabilization time TT1 can be shortened to 0.22 (us), that is, by 
about 1/6. 

Further, after the completion of the stabilization period, 
When it goes to time t6, it enters the output period HT2 in 
Which the sWitch SW2 is turned on, and sWitches SW1, SW3 
are turned off in FIG. 1. The sWitch SW4 is in the off state. At 
the gates of the transistors M8 and M9, a voltage identical 
With that in the offset cancel preparatory period HC2 corre 
sponds to the difference of the current driving performance 
betWeen the transistors M1 and M2 is maintained by the ?rst 
capacitor C1 and the second capacitor C2. Accordingly, the 
drain current ?oWing to the transistors M8, M9 How so as to 
absorb the difference of the drain currents ?oWing to the 
transistors M1 and M2. That is, assuming that values of the 
current ?oWing to the ?rst current terminal M1 and the second 
current terminal M2 of the current mirror circuit 2 are iden 
tical, the currents ?oW such that the total amount of the drain 
currents in the transistors M1 and M8 and the drain currents in 
the transistors M2, M9 are equal. Since this is the state Where 
the voltages on the inversion input terminal N5 and the non 
inversion input terminal N6 are equal, the output voltage 
VO(2) at the output terminal VOUT stabilizes at a voltage 
value VV1 equal With the input voltage VI(2) on the input 
terminal VIN (point P5 in FIG. 2). That is, offset cancel is 
conducted. 

Further, an operational ampli?er 20 equipped With offset 
cancel circuit of a second example of the ?rst embodiment 
according to the invention is to be described With reference to 
FIG. 3. The operational ampli?er 20 has a node N7 disposed 
betWeen a node N4 and a second capacitor C2, and a node N8 
disposed betWeen a sWitch SW1 and an input terminal VIN 
and has a sWitch SW5 connecting both of the nodes. Since 
other constitutions than described above are identical With 
those in the operational ampli?er 10 in the ?rst example, 
duplicate descriptions Will be omitted. Further, the operation 
of the sWitch SW5 is identical With the operation of the sWitch 
SW4 in the operational ampli?er 10 of the ?rst example. 

Thus, the reference voltage (voltage VC2 on node N4) can 
be de?ned as an input voltage V1 one horizontal period before 
instead that in the operational ampli?er 1 0 in the ?rst example 
in Which the reference voltage is an output voltage V0 one 
horizontal period before. Accordingly, the operational ampli 
?er 20 also has a constitution that the output voltage V0 may 
be changed through the feed back control by the offset voltage 










